The Positive and Negative Syndrome Scale (PANSS) was originally designed as a rating system that provides balanced representation of positive and negative symptom features. Evidence from recent factor-analytic studies suggests that a five-dimensional solution appears to best fit the psychopathological data as assessed with the PANSS. To investigate the dimensional structure, we administered the PANSS to 253 inpatients with schizophrenia. In accordance with former studies, principal components analyses yielded five orthogonal dimensions: hostile excitement; negative, cognitive, and positive syndrome; and depression. When compared with questionnaires measuring subjective nonpsychotic experiences of schizophrenia, paranoid mood, and depression, the correlation pattern verifies the PANSS components. In addition, we investigated a subsample of 70 male patients with a Continuous Performance Test (CPT), a Span of Apprehension Task, and a Modality Shift Effect (MSE) paradigm; the CPT was significantly associated with the cognitive syndrome, and the MSE correlated with the negative syndrome.
The Positive and Negative Syndrome Scale (PANSS; Kay et al. 1987 ) is one of the most widely used methods for standardized measurement of schizophrenic core symptoms. The theoretical frame for the construction of the PANSS was the assumption of two distinct subtypes of schizophrenia (Crow 1980; Andreasen and Olsen 1982) . Type I is characterized by florid (positive) symptoms such as delusions or hallucinations, and type II is composed of deficit (negative) symptoms such as blunted affect or social withdrawal. Based originally on the Brief Psychiatric Rating Scale (BPRS; Overall and Gorham 1962) and the Psychopathology Rating Schedule (Singh and Kay 1975) , the PANSS consists of 7 positive symptom items, 7 negative symptom items, and 16 general psychopathology items. All 30 PANSS items are rated on a 7-point symptom severity scale, ranking from 1 (absent) to 7 (extremely severe). The PANSS provides short symptom descriptions to anchor the different degrees of severity for each symptom.
However, further investigations (e.g., Bilder et al. 1985; Liddle 1987; Andreasen et al. 1995) suggested the positive-negative dichotomy to be an oversimplification of schizophrenic psychopathology and gave evidence for the existence of a third core syndrome, which is featured by symptoms such as formal thought disorder and inappropriate affect (Liddle 1987; Liddle and Barnes 1990 ). This syndrome is called the disorganized syndrome.
Accordingly, several factor analyses conducted with PANSS data showed that the negative and positive syndromes were not sufficient to explain schizophrenic psychopathology (Kay and Sevy 1990; Kay and Sandyk 1991; Bell et al. 1994a; Lindenmayer et al. 1994; Cuesta and Peralta 1995; von Knorring and Lindstrom 1995) . Though the important symptom of inappropriate affect is not considered, the disorganized syndrome seems to be represented in the PANSS as an independent cognitive component (Bell et al. 1994ft) . Moreover, depression and excitement components also are usually extracted. Since measurement of depression has been shown to overlap with that of negative symptoms (Prosser et al. 1987) , the possibility of distinguishing between depressive and negative symptoms in people with schizophrenia is a special advantage of the PANSS.
Application of the PANSS depends to some extent on observation of the patient's behavior; from such observation the occurence of psychopathological symptoms is inferred, and as a rule these symptoms are associated with abnormalities of behavior. However, the validity of such inferences is not always certain because a variety of different mental states might be associated with a particular abnormality of observed behavior. Hence, for evaluation of the validity of the PANSS assessments it is necessary to take into account additional sources of informationfor example, subjective questionnaire data and objective neuropsychological measures. Consideration of the pattern of relationships between PANSS ratings and both subjective and neuropsychological measures can help verify the data obtained with the PANSS.
The objective of the present study is to evaluate the dimensions underlying schizophrenic psychopathology as measured with the PANSS by means of exploratory factor analysis. For further evaluations, the resulting PANSS components are compared with clinical questionnaires (aimed at subjective nonpsychotic experiences of schizophrenia, paranoid mood, and depression) and with neuropsychological measures that are known to be associated with schizophrenia.
Methods
Subjects. A total of 253 psychiatric inpatients with ICD-10 (World Health Organization 1992) diagnoses of schizophrenia were recruited from the Northern Clinic, Hamburg-Ochsenzoll, and from the University Hospital, Hamburg-Eppendorf. Table 1 presents background sample characteristics. Diagnostic criteria according to ICD-10 were checked with the International Diagnosis Check Lists (IDCL; Hiller et al. 1995) . Patients with organic brain disorder (e.g., dementia) or with severe somatic diseases were not included. Of the total patients, 239 (94.5%) were taking neuroleptic drugs (typical, atypical, or both), 119 (47.0%) received benzodiazepines, 32 (12.6%) received biperiden, and 49 (19.4%) were taking other medication (e.g., sleeping drugs, antidepressants, or anti-epileptic medication).
The surplus of men in our study is due to the fact that a substantial part of the sample was recruited in a closed psychiatric station for males (Ward 38A of the Northern However, all investigators were skilled and familiar with the PANSS system and experienced in the assessment of schizophrenic symptoms. Owing to the detailed definitions of the seven different levels of symptom severity in former analyses (Bell et al. 1992) , good-to-excellent reliabilities were reported for most of the items. The PANSS interviews were conducted about 1 month after the admission (median = 31 days; quartile 1 = 15 days; quartile 3 = 62 days).
Questionnaires. All patients filled out the Paranoid Depression Scale (PDS; von Zerssen 1976), a clinical questionnaire that is well established in German-speaking countries. It consists of two 16-item subscales, PDS-P (Paranoid Mood) and PDS-D (Depressive Mood). The PDS includes an 8-item Illness Denying subscale, which is a validity scale that focuses on tendencies to deny ordinary symptoms of indisposition (e.g., chill, headache, upset stomach). All PDS items had to be answered on a 4-step scale (ranking from 0, "applies not at all," to 3, "fully applicable").
In addition, the 8-item subscale FCQ-S (Mass et al. 1997 ) of the Frankfurt Complaint Questionnaire (FCQ; Siillwold 1991) was employed. FCQ-S represents nonpsychotic subjective experiences ("basic symptoms") which seem to be diagnostically characteristic for people with schizophrenia (Mass et al. 1997 (Mass et al. , 1998 ) when compared with people with alcoholism or obsessive-compulsive disorder. Typical items of FCQ-S are "I am reluctant to read, because I have so much trouble to grasp the meaning correctly"; "People's faces sometimes look unusual, almost distorted or displaced to me"; and "If someone speaks with long sentences, it is particularly difficult for me to grasp the meaning." The FCQ-S items had to be answered dichotomously with "yes" or "no." The reliability coefficient Cronbach a of this experimental scale amounted to 0.69, indicating a satisfactory internal consistency for a short 8-item scale.
Neuropsychological Testing. A battery of three neuropsychological tests was used, consisting of a degraded stimulus Continuous Performance Test (CPT), a forcedchoice Span of Apprehension Task (SAT), and a Modality Shift Effect (MSE) paradigm.
Continuous Performance. The CPT is usually considered to be a test of sustained attention/vigilance. According to more recent conceptions (Nuechterlein et al. 1994) , CPT variants using stimuli that are degraded through blurring may particularly stress early perceptual stages of information processing. The CPT version used in our study agrees largely with the recommendations of Nuechterlein et al. (1991) . In a computerized test 480 blurred digits were presented successively on a monitor, each stimulus was presented for 42 milliseconds with an interstimulus interval of 1 second. The task was to detect the digit 0 (25% of all stimuli, randomly distributed) and to respond to it by pressing the space bar of the keyboard. As a performance measure, the index of sensitivity d' (Green and Swets 1966) was calculated, summarizing the patient's discrimination of targets (the digit 0) from nontargets (other digits). The test duration was 8 minutes.
Span of Apprehension.
The SAT refers to the number of items (letters) that can be attended to at one time. Granholm et al. (1996) discussed several hypotheses regarding cognitive processes tapped by the SAT; especially slowed initiation of scanning and slowed encoding operations are supposed to explain the SAT performance deficits of people with schizophrenia. The computerized SAT corresponds to the recommendations of Asarnow et al. (1991) . In a randomized order, either 3 (16 stimuli) or 8 (80 stimuli) consonant letters falling in a 4 x 4 matrix were displayed (presentation time =100 milliseconds). Every display contained either the letter F or the letter T, but never both. The patients were instructed to press the left cursor key when detecting F and the right cursor key when detecting T, and to guess (right or left cursor key) when in doubt. The visual angle of the displays was relatively wide (about 15° x 15°). The performance measures are the numbers of correct reactions during the 3-or 8-letter condition, respectively. Since the target letters are quite easy to detect in the 3-letter displays, these displays served as a control of the patient's motivation to perform the task: Patients who performed at random or less in the 3-letter condition were excluded from further analysis. The test duration was also about 8 minutes.
Modality Shift. Simple reaction times (RTs) were found to be longer when the imperative stimulus reflected a shift in modality than when a stimulus was repeated. Several studies showed this difference to be more pronounced in subjects with schizophrenia than in normal subjects. A possible explanation is that people with schizophrenia may tend to process stimuli in a more concrete code than normals with different pathways for lights and sounds (Cohen and Rist 1992) .
To obtain an MSE measure, 128 visual (red light) or auditive (signal tone) stimuli were presented in a ran-domized order (presentation time = 1 second; interstimulus interval =1.5 seconds) using a Wiener Reaction Device. Patients had to press a button as fast as possible when a stimulus occured. Since most studies comparing subjects with schizophrenia and normal controls reported a differential MSE only for RTs to tones (Rist and Cohen 1991) , the MSE in our study was calculated for the tone condition only. The performance measure is the difference between the medians of the cross-modal RTs (tone after light, 32 stimuli) and the ipsimodal RTs (tone after tone, 32 stimuli). The test duration was 5 minutes.
In a 1991 review, Nuechterlein et al. reported subjects with schizophrenia to have significant deficits on degraded-stimulus CPT and forced-choice SAT during both clinical remission and acute psychotic states; these deficits did not increase with psychotic state and appear to fit the definition of stable vulnerability indicators (Nuechterlein and Dawson 1984) .
Since the neuropsychological test devices were available only during the final period of the investigation, neuropsychological data were obtained from 71 male patients only. One of these patients reached only 7 hits in the SAT 3-letter condition, thus indicating an inadequate performance during the test session (possibly because of lack of motivation), and he was therefore excluded. The resulting subsample (n = 70) had a mean age of 32.8 years (SD = 9.8), a mean age of onset of 27.9 years (SD = 6.8), and a mean duration of illness of 5.0 years (SD = 7.4). The subsample's age (3.2 years less than the sample) and duration of illness (3.6 years less) differed significantly from the remaining sample.
Statistical Analyses
All analyses were conducted with the Statistical Package for the Social Sciences, Release 4.0.5, for Macintosh (SPSS 1990) . To evaluate the dimensional structure of the PANSS data, exploratory principal components analysis (PCA) with orthogonal varimax rotation and application of the eigenvalue criterion were carried out. PANSS factors, questionnaire scores, and MSE data showed a moderately skewed distribution; CPT and SAT were normally distributed. There were no statistical outliers. Spearman correlations calculated for control purposes instead of the Pearson correlations (tables 2 and 3) led to nearly identical results.
Results
To begin with, distribution characteristics for all PANSS items were calculated. As table 4 shows, disorientation (G10) was a very uncommon symptom within the present sample. More than 96 percent of all patients were rated with 1 ("absent") or 2 ("minimal"). Hence, the distribution of this item is extremely skewed (kurtosis = 19.6; skewness = 4.1), and it was excluded in subsequent analyses. 1-7 1-7 1-6 1-7 1-7 1-6 1-6 1-6 1-7 1-6 1-7 1-7 1-6 1-7 1-7 1-7 1-6 1-6 1-6 1-6 1-6 1-7 1-7 1-5 1-6 1-7 1-7 1-7 1-7 1-7
Note.-PANSS = Positive and Negative Syndrome Scale.
PC A extracted five components with eigenvalues > 1, representing altogether 68.9 percent of the variance. However, three items reached only small communalities, thus being hardly represented by a five-factor model: P6, suspiciousness/persecution (h 2 [communality] = 0.481), Gl, somatic concern (h 2 = 0.516), and G7, motor retardation (h 2 = 0.512). Therefore, to avoid misleading results, in the next step these items were excluded. PCA again extracted five factors with eigenvalues less than 1, now representing 72.3 percent of the variance; communalities of all items were greater than 0.6.
When considering only loadings greater than or equal to 0.55 as substantial (corresponding to a common variance between factor and variable of 30%), the following factor solution results (see also table 5):
• Factor 1, hostile excitement (EXC): P7, P4, G14, G4, G8, P5, G5.
• Factor 2, negative syndrome (NEG): N4, N2, Nl, N3, G16, N6.
• Factor 3, cognitive syndrome (COG): N5, Gl 1, P2.
• Factor 4, positive syndrome (POS): PI, P3, G9.
• Factor 5, depression (DEP): G6, G2, G3.
Cronbach a coefficients for the factors are 0.91 (EXC), 0.92 (NEG), 0.81 (COG), 0.76 (POS), and 0.69 (DEP). It is important to keep in mind that syndromes as represented by the PANSS components are not subtypes: Although they are statistically independent, they can (and usually do) overlap within given patients. To evaluate the subtype approach in the present sample, we parted the NEG, COG, and POS scores into lower, middle, and upper thirds. The negative subtype was defined as a patient with a NEG score in a higher third than his or her COG and POS scores; cognitive and positive subtypes were defined correspondingly. When applying these criteria, we found 37 negative subtypes (14.6%), 45 positive subtypes (17.8%), and 20 cognitive subtypes (7.9%); 151 patients (59.7%) showed a mixed psychopathology and could not be attached to any subtype. Subsidiary analyses of the effects of age, gender, and neuroleptic (typical vs. atypical) medication yielded that males were significantly more impaired in all of the PANSS dimensions; NEG (r xy = 0.22, p < 0.001) and COG scores (r xy = 0.17, p < 0.01) were correlated with age; and patients receiving typical neuroleptics (n = 148) reached higher EXC, COG, and POS ratings than patients receiving atypical neuroleptic drugs (n = 77).
In table 2 the correlations between PANSS syndromes and questionnaires are presented. In general, the correlation pattern corresponds with the differences of the five syndromes. The paranoid subscale of the PDS showed the strongest correlation with the positive syndrome (r xy = 0.47). The PDS depression subscale showed the strongest correlation with the depression syndrome (r xy = 0.35). The experimental scale FCQ-S showed the strongest correlation with the cognitive syndrome (r xy = 0.22).
PDS-P (r xy = -0.41, p < 0.001), PDS-D (r xy = -0.58, p < 0.001), and FCQ-S (r xy = -0.31, p < 0.001) all were correlated with the Illness Denying control scale. To eval-uate the possible falsification of the questionnaire data by denying attitudes, the correlations shown in table 2 were recalculated (1) with exclusion of Illness Denying high scorers (i.e., patients with a Denying score beyond 2 SD of the mean) and (2) as partial correlations with the Illness Denying scale as control variable. Both methods did not yield substantial changes of the presented correlations.
The PANSS item G12 (lack of judgment and insight) showed no significant relationship with FCQ-S and PDS-D. Interestingly, it correlated positive with PDS-P (Rho [Spearman's nonparametric correlation coefficient] = 0.35, p < 0.001). It seems that a patient's lack of insight to suffer from a psychotic illness does not prevent him or her automatically from admitting psychotic symptoms in questionnaires.
In the CPT, the neuropsychologically tested subsample reached a mean d' of 1.54 (SD = 0.85, min = 0.06, max = 3.93). The mean number of hits in the SAT was 14.4 (SD = 1.4, min = 9, max = 16) in the 3-letter control condition and 59.3 (SD = 7.1, min = 41, max = 77) in the 8-letter condition. The mean MSE was 23.8 milliseconds (SD = 36.3, min = -30, max = 139). Table 3 shows the correlations between the PANSS syndromes and the CPT, SAT, and MSE measures, respectively. The COG syndrome was significantly correlated with CPT, and the NEG syndrome was significantly correlated with the MSE.
Discussion
The analyses of the present study indicate a high degree of concordance with the results of former investigations. This concordance is illustrated by the synopsis given in table 6. Differences between the present findings and those of former studies may be influenced by (1) sample differences (e.g., age), (2) differences in the cultural expression of illness, and (3) the fact that our raters were not trained by experts from the Kay and Sevy group. Given these potential sources of variance, the similarity of findings is quite remarkable, indicating that the PANSS is a reliable instrument in the hands of experienced clinicians.
The present factorial solution shows highest accordance with the von Knorring and Lindstrom (1995) results, since there are 22 corresponding PANSS item attachments. The PANSS items N7 (stereotyped thinking), G12 (lack of judgment and insight), G13 (disturbance of volition), and G15 (preoccupation) could not be attached to any of the factors when considering only loadings greater than or equal to 0.55; von Knorring and Lindstrom (1995) also excluded N7, G12, and G13.
In the studies considered in table 6, 18 PANSS items show highest loadings throughout on the same factor, thus representing stable components of the respective syndrome: for NEG, the variables Nl, N2, N3, N4, N6; for EXC, the variables P4, P7, G8, G14; for COG, the variables P2, N5, Gil; for DEP, the variables G2, G3, G6; for POS, the variables PI, P3, G9.
As in former analyses (Peralta and Cuesta 1994) , the PANSS disorientation item (G10) had to be excluded in the present study, since it was unsuitable for the description of the sample. This unsuitableness obviously resulted from the a priori exclusion of patients with organic brain syndromes. In a factor-analytical study on a gerontopsychiatric population, Overall and Beller (1984) found the disorientation item of the BPRS to be the marker variable of an organic brain deficit factor mainly constituted by the Pfeiffer Mental Status Questionnaire (Pfeiffer 1975) .
The correlations with questionnaire measures in general support the differences among the PANSS dimensions (table 2) . However, statistical significances aside, effect sizes obtained in these analyses are not great. Furthermore, only a part of the experiences included in the PANSS were covered by the questionnaires. Hence, all interpretations have to be made with reservations. The paranoid subscale of the PDS shows significant correlations with all of the PANSS syndromes; on the other hand, the strongest relationship was found with the POS component (r xy = 0.47, p < 0.001). Similarly, the PDS depression subscale was most distinctly correlated with the DEP component (r xy = 0.35, p < 0.001). Relationships between the FCQ and schizophrenic symptoms have already been reported in former studies. Using the Scale for the Assessment of Negative Symptoms (SANS; Andreasen 1982) and the Scale for the Assessment of Positive Symptoms (SAPS; Andreasen 1984) for the evaluation of psychopathological symptoms, Peralta et al. (1992) found moderate correlations between FCQ scores and hallucinations, alogia, and formal thought disturbances. Since these symptoms represent the three schizophrenic core syndromes (Andreasen et al. 1995) , the present significant correlations between FCQ-S and the NEG, COG, and POS component of the PANSS (table 5) fit well with the Peralta et al. (1992) results.
As mentioned above, in the present sample male patients showed greater impairment in all psychopathological dimensions than females did. Corresponding to these results, studies by Goldstein et al. (1990) and Josiassen et al. (1990) showed that men with schizophrenia expressed more negative symptoms (blunted/flat affect, emotional withdrawal) than women. In contrast to our findings, depressive symptoms are said to be more common in females with schizophrenia (McGlashan and Bardenstein 1990) . Probably the main reason for the psychopathological gender differences in the present study is the fact that more than 50 percent of the males with schizophrenia were recruited on a closed ward where patients with more severe symptoms are treated; only about 10 Note.-COG = cognitive syndrome; DEP = depression; EXC = hostile excitement; NEG = negative syndrome; POS = positive syndrome. 1 Because Kay and Sevy (1990) , Kay and Sandyk (1991) , Bell et al. (1994a, Bronx sample), and Lindenmayer et al. (1994) analyzed the same sample of n = 240 schizophrenia subjects, only the Bell et al. (1994a) results were considered.
percent of the females were recruited on a closed station. It is a well-known phenomenon that negative symptoms tend to increase with the duration of illness (McGlashan and Fenton 1992) ; this phenomenon is probably reflected by the correlation of the NEG and COG syndromes with age.
The observed differences between typical and atypical neuroleptic drugs should be interpreted only with strong reservations. Since our study was not designed as a test of psychopharmacological effects, medication was not assigned randomly to the patients. Therefore, atypical neuroleptics may have been administered preferably to patients with less severe symptoms. Moreover, there were significant differences in the administration of additional drugs: patients receiving typical neuroleptics were given benzodiazepines and biperiden more often than patients receiving atypical neuroleptics were. Goldberg et al. (1995) contrasted neuropsychological performances of male and female subjects with schizophrenia on a wide range of tests over several independent samples. They found only six significant gender differences (out of 96 t test comparisons); the tests that yielded such differences were usually spatial or attentional in nature, and men performed better than women. It has to be noted that the number of significant results reported by Goldberg et al. (1995) merely exceeded a error. Hence, there is no evidence that gender has a substantial effect on neuropsychological performance of people with schizo-phrenia. From this point of view, the fact that in the present study only male patients were neuropsychologically tested should have no serious influence on the results.
The cognitive syndrome was the only PANSS component that was related to all of the neuropsychological assessments (table 3) by showing a significant negative correlation with the sensitivity index of the CPT (r xy = -0.29, p < 0.05) and tendencies to correlate negatively with the SAT performance (8-letter condition, r xy = -0.21, p < 0.10) and positively with an enlarged MSE (r xy = 0.22, p < 0.10). These results confirm earlier findings of Bilder et al. (1985) and Bell et al. (1994b) , who reported the disorganization to be associated with neuropsychological impairment. Hence, the COG syndrome of the PANSS seems to be more closely connected to schizophrenic cognitive deficits than the other syndromes are. However, considering the small effect sizes, interpretations should be made cautiously.
In earlier studies (Nuechterlein et al. 1986; Hain at al. 1993; Strauss 1993) , inconsistent results have been reported concerning the relations between CPT and psychopathological symptoms. Therefore, further investigations are necessary to value the present correlation between CPT and the COG syndrome (r xy = -0.29, p < 0.05). Braff (1993) suggested that the difficulties of subjects with schizophrenia shifting attention from one modality to another (MSE) could be considered as perseverations and thus be connected with hypofrontality of subjects with schizophrenia on the Wisconsin Card Sorting Test (Weinberger et al. 1986 ). Furthermore, there is evidence that negative symptoms are related to hypofrontality (Andreasen et al. 1992 ). This relation may explain the correlation between the PANSS NEG syndrome and the MSE (table 3) . Surprisingly, the SAT (hit rate at the 8-letter condition) shows only weak correlations with the PANSS syndromes; usually SAT performance is associated with negative symptoms (e.g., Nuechterlein et al. 1986; Strauss et al. 1993) . However, in the present study the 3-letter condition of the SAT was significantly associated with the NEG syndrome (r xy = -0.26, p < 0.05).
The subtype analysis presented above suggests that further research should emphasize the value of the dimensional view on schizophrenic psychopathology. A first step in this direction has been made in the DSM-IV (American Psychiatric Association 1994, p. 71 Of) by proposing a syndromal alternative to the traditional subtype diagnosis.
